Results: All methods for identifying TB-related deaths using death certificate data overestimated the number of TB-related deaths compared to the tuberculosis registry. The positive predictive value ranged from 22% for a TB ICD-10 code as an underlying or multiple cause of death to 56% for TB listed in the direct cause of death text field. Seventeen (33%) of 51 subjects assigned with a TB ICD-10 code as an underlying or multiple cause of death had no evidence of TB on the death certificate and were not present in the TB registry. Conclusions: Death certificates were not highly predictive of TB-related deaths. Use of the direct cause of death text field was the most accurate method to identify a TB-related death when using death certificates. Specific ICD-10 coding algorithms may misclassify subjects as having died from TB.
D
eath certificate data are often used to estimate tuberculosis (TB) mortality and identify associated risk factors. [1] [2] [3] [4] [5] Most studies rely on underlying or multiple cause of death codes from the International Classification of Diseases (ICD) system to identify a TB-related death. [1] [2] [3] [4] [5] However, few studies in the United States have assessed the accuracy of death certificates in identifying true TB-related deaths. In New York City, investigators found that only 59% of death certificates with an underlying or multiple cause of death ICD-9 TB-related code were confirmed in the tuberculosis registry. 6 To our knowledge, no studies have assessed TB-related. In the population-based TB registry, a death was defined as TB-related if TB was the immediate or underlying cause of death, or a significant condition contributing to death. 7 When completing a death certificate in Washington State, health care providers note conditions directly causing death and conditions contributing to death in 2 separate text fields. National coding algorithms consider both text fields when ICD-10 codes are assigned to a death certificate. 8 One underlying, along with multiple cause of death codes, may be assigned for each death. In the National Vital Statistics Report, a TB-related death is defined as a death with ICD-10 code A15-A19 as the underlying cause of death. 9 The Washington State Center for Health Statistics began using ICD-10 codes in 1999 and electronic text field data became available in 2003.
Death certificate data were obtained from the Washington State Center for Health Statistics for all deaths occurring in the state during 2009-2010. Tuberculosis-related deaths were identified using the following 4 definitions: (1) records with a TB ICD-10 code (A15-A19) as the underlying cause of death, (2) records with a TB ICD-10 code (A15-A19) as the underlying or multiple cause of death, (3) records with "tuberculosis" listed in either the direct cause of death or contributing condition text fields, excluding those with inactive or history of TB noted, and (4) records with "tuberculosis" listed in the direct cause of death text field only, excluding those with inactive or history of TB noted. These 4 definitions allowed the reviewers to test definitions ranging from relatively exclusive to highly inclusive. Reviewers manually matched TB-related deaths identified from each death certificate definition to entries in the Washington State TB registry by first and last name, zip code of residence, gender, and date of birth. Reviewers did not require exact matches and when exact matches did not occur reviewers manually examined potential spelling and transcription errors.
The sensitivity and positive predictive value of each death certificate definition was determined through comparison to TB-related deaths identified in the Washington State TB registry. Past research has shown that the Washington State TB registry captures the entire Washington State population that has been diagnosed with or treated for TB. 10 Stata 11.2 (STATA Corporation, College Station, Texas) was used to compute Cohen's kappa concordance statistic to estimate degree of agreement beyond chance for each death certificate definition to the TB registry. The Washington State institutional review board exempted this protocol from full review because the protocol was used for mortality surveillance evaluation purposes and therefore not considered research involving human subjects.
Results
We reviewed 96 183 Washington State death certificates for 2009-2010. During that period, 11 TBrelated deaths were recorded in the Washington State TB registry. The 4 death certificate definitions identified 16 to 51 deaths attributable to TB (Table) . Although all 4 death certificate definitions had high sensitivity (82%-100%), each definition had poor to moderate positive predictive value (22%-56%) and poor to moderate agreement (κ = 0.35-0.67) with the TB registry. Tuberculosis listed in the direct cause of death text field had the highest positive predictive value (56%) with the TB registry but did not detect 2 deaths recorded in the TB registry.
When a TB death was identified using underlying or any multiple cause of death TB ICD-10 codes, 17 (33%) of 51 deaths were considered misclassified after examination of all cause of death text fields and TB registry records revealed no indication of active TB disease. Of these 17 misclassified deaths, 3 (18%) had text on the death certificate indicating inactive TB infection, 5 (29%) were assigned ICD-10 code A16.2 and contained text indicating pulmonary cavitation, and 9 (53%) were assigned ICD-10 code A18.0 and had text indicating an abscess. Four of these abscesses were accompanied with staphylococcus infection according to their death certificates' text field.
Discussion
All death certificate definitions had high sensitivity but low positive predictive value for detecting TB-related deaths. Use of the direct cause of death text field had the highest positive predictive value and agreement with the TB registry. The current study found that 2 TB ICD-10 codes were often assigned to subjects with no indication of active TB in the text fields on the death certificate or in the TB registry. According to national coding algorithms, death certificates indicating lung cavitation in cause of death text fields are assigned ICD-10 code A16.2 (TB of lung, bacteriological or histological examination not done) unless the lung cavitation is specified as nontuberculous. 11 In addition, subjects with vertebral abscesses are assigned ICD-10 code A18.0 (TB of bone or joints) whether or not tuberculosis is specified. 11 While these coding rules may be appropriate in countries where the incidence of TB is high, they may not be appropriate to identify a TB-related death in countries, such as the United States, with low incidence of tuberculosis. There are a few limitations to the current study. Most importantly, only data for 2009 and 2010 were available, leading to a small number of possible TB-related deaths. Future studies may identify other misclassification errors if more death certificates were examined across multiple states with higher TB morbidity and a longer timeframe. Also, the Washington State TB registry served as the standard for a TB-related death but a medical chart review by the investigators may give a more complete and accurate account of true TB-related deaths. However, previous studies in the United States have found TB registries to be very complete and accurate in assessing TBrelated deaths. 6, 10 Moreover, despite budget cuts to local health agencies in recent years, a TB-related death is considered a high-priority investigation and providers and laboratories maintain the resources to effectively report TB cases.
As a result of this study, the Washington State Center for Health Statistics now flags ICD-10 codes A16.2 and A18.0 found in death certificates. If underlying or multiple cause of death fields are coded with either A16.2 or A18.0, the cause of death text fields are manually examined. If the text fields indicate cavitation of the lungs and vertebral abscess without evidence of TB infection, the Washington State Center for Health Statistics sends the certifier of the death certificate a query letter asking if the cause of death was TB-related or due to another
Implications for Policy & Practice
■ In our study, we found misclassification of TB-related deaths using death certificate data. Specifically, we identified ICD-10 coding algorithms which may misclassify subjects as having died from tuberculosis. As a result of this finding, these codes are reviewed for accuracy by the state health statistics department.
■ To avoid overestimating TB-related deaths in low incidence areas, the public health community should rely on registry data rather than death certificate data. Where only death certificate data are available, direct cause of death text fields should be used to provide more accurate estimates than underlying or multiple cause of death ICD-10 codes.
condition. Upon receiving confirmation that the cavitation or vertebral abscess was unrelated to TB, the Washington State Center for Health Statistics removes the respective TB ICD-10 code from their death certificate. In Washington State, use of death certificates to identify TB-related deaths resulted in an overestimate of TB-related deaths compared to deaths recorded in the TB registry. Coding algorithms for ICD-10 codes A16.2 and A18.0 may misclassify subjects as having died from tuberculosis. Future studies in low incidence countries should avoid using death certificates
